Increased thermal aggregation of proteins in ATP-depleted mammalian cells.
In an attempt to understand the influence of the intracellular environment on protein stability, the thermal denaturation of various reporter proteins was examined within cultured mammalian cells. Loss of solubility and of enzymatic activities were taken as indicators of thermal denaturation. Photinus pyralis luciferase, Escherichia coli beta-galactosidase, the 70-kDa constitutive heat-shock proteins and the 68-kDa dsRNA-dependent protein kinase are found mostly in the supernatant fractions of centrifuged lysates from control unshocked mammalian cells. However, when cells are lysed after heat shock, a proportion of the reporter molecules is found to be aggregated to the nuclear pellets. This insolubilization does not affect all cellular proteins; many of them remain unaffected by heat shock. The heat-induced insolubilization of all four reporter proteins is markedly enhanced when the intracellular ATP concentration is drastically decreased after inhibition of both oxidative phosphorylation and glycolysis. Although ATP molecules bind to luciferase and protect it from thermal inactivation in vitro, the consequences of strong ATP depletion on luciferase thermal stability within the cells are found to be much greater than expected from in vitro data. The 70-kDa constitutive heat-shock proteins and the 68-kDa protein kinase are ATP-binding proteins but ATP depletion also considerably increases the aggregation of beta-galactosidase to the nuclear pellets, although this enzyme is not known to be an ATP-binding molecule. Insolubilization of all four reporter proteins occurs in ATP-depleted cells even at normal growing temperatures (37 degrees C). Protein denaturation may be enhanced either by the aggregation and disappearance of the intracellular 'free' chaperones or by the trapping of unfolded protein molecules on chaperones; the chaperone/unfolded protein complexes could not dissociate in the absence of ATP. Enhanced protein denaturation due to ATP depletion is proposed to account for the greater heat sensitivity of ATP-depleted cells and for the ability of mitochondrial uncouplers to trigger a heat-shock response in some cells.